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Abstract: Selective harmonic elimination pulse width 
modulation (SHEPWM) technique is applied to diode clamped 
multi-level inverter (DCMLI) to reduce total harmonic 
distortion (THD) and improve the quality of output power. The 
modulation technique is implemented centered on dog leg 
optimization method to find the optimized values for switching 
angles (0) of switches (IGBTs) employed. Twelve level diode 
clamped inverter is implemented in Matlab and the results are 
compared with non-optimized switching angles also 5-level 
DCMLI using SHEPWM is compared with other modulation 
techniques. 

Keywords: DCMLI, Dog Leg Method SHEPWM, Switching 
Angles, THD. 

1. INTRODUTION: 

Economic development and fast growth in world population has 
increased the demand of energy and global warming. Renewable 
energies like solar and wind etc. are green, clean and cheap 
sources of energy and a solution of environment pollution and 
energy demand issues [1]. 

Various modulation techniques e.g. SPWM, SVPWM are 
implemented to reduce harmonics and improve output power 
quality [1]. Similarly numerous types of multi-level inverters are 
used for the purpose of reduction in harmonics and improvement 
in power quality [2]. One of the multilevel inverter implemented 
for power improvement is 5 -Level inverter (cascaded) using 
DSTATCOM [3]. Chopper with flying capacitor used in DCMLI 
for the reduction of stress and produces AC voltage of multilevel 
[4] .Based on twelve switches a DCMLI(5 -levels) for the 
machines running on higher speed[5].3-level DCMLI with 
ANPC, ZCT used for sustainable energy [6] .Building H-Bridge 
for AC to DC conversion with the use of capacitors and single 
DC source with less harmonics [7]. Using different voltage 
balancing equations and techniques to form a flying capacitor H- 
Bridge multilevel in verter[8]. Cascaded inverters with particle 
swarm optimization technique to improve power quality and 
reduce total harmonics [9]. Cascaded inverter using SVPWM to 
minimize harmonics and switching frequency [10]. Many multi - 
level inverters are used but diode clamped multi-level inverter 
(DCMLI) is employed for many applications like power drives 
& utility system [11]. 

In this proposed method diode clamped 12-level inverter is 
implemented using selective harmonic elimination pulse width 
modulation technique (SHEPWM) to reduce the total harmonic 
distortion of the output wave form and improve quality of 
output. Optimization technique dog leg is used for switching 
angles of insulated gate bipolar transistors (IGBTs) employed in 



the system. This method has less computation time and rectified 
results. 

2. METHODOLOGY 

12 level diode clamped multilevel inverter (DCMLI) with four 
sub-systems connected to DC batteries sources and switches 
state controller (SSC) is shown in fig.01.lt consists of specific 
number of diodes, switches (IGBT's) and DC sources. The 
components required are calculated using equations 1, 2, 3. The 
total number of voltage levels (m) are counted in half cycle i.e. 
from 0-7T. 



Number of IGBTs = 4[(m/ 2) - 1] 



Number of IGBTs =44 



(1) 



Number of clamping diodes = {(m/2)-l}*{(m/2)-2} 

(2) 



Number of clamping diodes =110 
Number of batteries= (m / 2) — 1 



(3) 



Number of batteries =11 



Fig 02 shows subsysteml of 12 levels DCMLI which is 
connected in series with subsystem2 to complete first leg as 
there are two legs in this system. Second leg is similar to first 
leg, both first and second legs are connected to form a full H- 
Bridge DCMLI. 





. £ub*yjtflnj in Firrt leg 
Suhtyst«n3 in 2nd leg 
SubsysteTi A in 3 leg 
SwiwhH Siswj Controlled 

FigOL:12 Levels DCMLI 
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Subsystem 1 in 24 levels"" 
DCMLI 



Fig 02: subsystem of 12 DCMLI 
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Table 01: IGBTs Switching Pattern for 12 DCMLI 
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3. WORKING: 



A table 01 shows the number of on and off switches for multi 
levels of output voltage from 0° to 90° 12 levels DCMLI' s. At 
any level number of on switches = (m/2)-l while each switch is 
turned on once at a time. The output of 12-DCMLI is a stepped 
waveform as shown in fig. 3 Af or each step IGBT is switched at 
an angle such that the total harmonic distortion is reduced. To 
get a desired value of fundamental component of voltage and 
reduced THD, Selective harmonic elimination PWM method is 
used. Selective Harmonic elimination (SHE PWM) is used for 
low switching frequency and removing lower order odd 
harmonics such as 3 rd , 5th, 7 th , 11 th and 13 th . This method further 
uses of iterative optimization technique 'trust region dogleg' 
algorithms to compute switching angles (0). 



MX 





Fig 03 A: Stepped output of Diode Clamped 12- Level Inverter 
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Fig 03 B: Stepped output of Diode Clamped 5- Level Inverter 
4. MATHEMATICS: 

Equations of the output voltage of DCMLI, peak values of 
harmonics for the calculation of THD and the system of non- 
linear equations for switching angles calculation are derived 
from Fourier series. Fourier series for a periodic function is 
expressed as 



GO 



ft = a v + Ya a n cos(27rnf o t) + b n sm(27rnf o t) 



n=l 



(1) 
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Here a v , a n and b n are the Fourier series coefficients and f 0 is 

the fundamental frequency. Following relationships determine 
the values of these coefficients 
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71/ 



4 Y cot 

b n = — I /( )sm(ncot)d(o)t) for n odd 



0 



a.. = — 



l 

T 



\ fW 



•(2) 



a.. = — 



n 



2 
T 



t„+T 



J f{t)cos(27unf 0 t)dt (3) 



K - 2 - | /(0sin(2 W ,4, 

7 J 



Where f 0 = Chosen time reference, T = Fundamental period. 

For a signal having odd quarter wave Symmetry, Fourier series 
coefficients are given as 



a = 0 



(5) 



a n — 0 for all n 



(6) 



4 #4 

K = v dc [cos(ncot)] I (2v dc )[cos(no)t)] 

Tin Tin 



9, 



— (\ c ) [cosfofi*)] % - — (4v dc ) [cos(/ifl* )] J 
4 (5v & )[cosM)]J-— (2v 4 )[cos(/m«)]^ (10) 



4 4 
= — v dc [cos(zi^ ) - cos(?z(9 2 )] + — (2v dc ) \cos(n9 2 ) - cos(n9 3 ) ] 

nn ' nn 

4 4 
+ — (3v Jc ) [cos(n0 3 ) - cos(/z# 4 )] + — (3v dc ) [cos(/z# 4 ) - cosO 

Tin Tin 

(H) 



when n is an odd integer 



cos 



n — 

V 2y 



= 0 



b n = 0 /or ft £V£ft (7) 



8 'P 

And b n =— f(t)sm(2Tinf 0 t)dt for odd n ... (8) 



0 



The Multilevel inverter has odd quarter wave symmetry. Using 
Fourier coefficient equations of a quarter waves, Fourier 
coefficients for a DCMLI output are derived in terms of 
switching angles. Five angles are considered here only for 
mathematical calculations. 



4 r cot 

b n -—\ f( )sin(no)t)d(o)t) for nodd (9) 

nt 2nf o 



b = —(v d )sin(nG)t)d((Dt)+ —{2v d )sm{ncot)d{cdt) 



01 A r 4 



+ — (3v dc )sm(nG)t)d((Dt)+ —(Av dc )sm{ncot)d{cDt) 



0 3 
71/ 



+ 



f 4 

— (5v dc ) sin(ncDt)d((Dt) 
{ n 



where 0 X ,0 2 ,0 3 , 0 4 and 0 5 are the switching angles 

Solving Integration results 



b n = — v dc cos(n^ + cos(n^ 2 ) + cos(n^ 3 ) + cos(n^ 4 ) + cos(n^ 5 )].(12) 
Tin 

Equation 12 provides peak values of odd harmonics in a DCMLI 
which can be used to calculate total harmonic distortion (THD) 
using equation 13. 



(13) 



v x , v 2 , v 3 v n are the peak values of harmonics Using 

resultant theory, a set of non- linear equations is derived from 
equation 12 which can is solved for the values of angles. In case 
of 12 levels DCMLI, following set of equations is obtained to 
eliminate 3 rd , 5th, 7 th , 9th and 11 th harmonics. 

COS (30, ) + COS(30 2 ) + COS(30 3 ) + COS(30 n ) = 0 

(14) 

COS{19 l ) + COS{10 2 ) + COS(10 3 ) + COS{10 n ) = 0 

(15) 

COS{90 X ) + COS(90 2 ) + COS(90 3 ) + COS(0 n ) = 0 

....(16) 

cos(ne { )+cos(iw 2 )+cos(iw 3 )...ACOs(nej=o (n) 
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COS '(fij ) + COS(9 2 ) + COS (9,) + C0S(9 n ) = 



mMn 



.(18) 



M = — 



V 



(19) 



m=(number of levels/2 )-l (20) 

Switching angles are calculated with the help of MATLAB 
program using trust region dogleg algorithm (shown in fig 04) 
for a range of modulation indexes. Table 02 angles are 
calculated whenequation 21 is satisfied. 

o<e l <e 2 <e 3 <e i <e 5 <e 6 <e 1 <e,<e 9 <e w <e n 

21 



lrwt.nl Quo** O 



/ i .t/tt.ttt- f t titt 



I 



I 



« 'ut* **i**f I 'ft* • .Vi .///./ r. -«*%.- , 




Fig04: Dog Leg Algorithm 

Mere # is an array containing initial guess for '0 { + 9 2 + 9 n 



n 



F( O)-^\F.(0)\ (22) 



i=\ 



S is correction step , r = radius of trust region 

Figure shows the flow chart of trust region dogleg method for computing 0 { +6 2 + 0 n 

from set of functions f v f 2 ,f 3 /„ 

In first step, a correction step is calculated and added to the 
initial guess. Dogleg utilizes Newton and steepest descent 
methods. The combination of these two methods ensures a fast 
convergence and a solution of function in the steepest descent 
direction. The second step involves finding the value of trust 
region radius to estimate length of step for the current iteration 
such that the following condition is obeyed. 

F(0 + s)<F(8) (23) 

Third step performs a check the new values of function. Has the 
function minimized, 
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If Yes replace 6 by 6 + S 



If not, go for the next iteration. 
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Table 02: Optimized switching angles in radians for 12 level 
DCMLI 

5. EXPERIMENTAL RESULTS 

Experimental results are obtained for optimized switching angles 
using dog leg method and for non-optimized IGBTs switching 
angles of 12-level DCMLI. 5 -level DCMLI results are taken for 
optimized switching angles and experimental results show 

• Values of total harmonic distortion 

• Harmonic order of harmonics with reference to 
fundamental component 

• Effect of modulation index on THD. 
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Fig 05 THD and frequency spectrum of 12 levels DCMLI with 
non -optimized angles 
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Fig 9 THD values of 12-DCMLIfor different modulation index 
(m) 



Fig 6 voltage wave form of 12 level DCMLI non-optimised 
m=0.95 





Fig 07 THD and frequency spectrum of 12 levels DCMLI with 
optimized angles 



Fig 10 THD VS modulation index (m) 
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Fig 08 voltage wave form of 12 level DCMLI optimised And 
m=0.7 




Fig 11 THD and Frequency spectrum of5 -levels DCMLI with 
optimized angles (m=0.95) 
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Fig 12 Voltage Waveform of 5- Level DCMLIoptimized and 
m=0.95 

Below table shows a comparison of various techniques 
employed for 5 -level diode clamped inverter to reduce total 
harmonic distortion(THD). modulation techniques like 
PWM,POD-PWM, SPWM, Third harmonic injection, 
offsetvoltage and trapezoidal are used but proposed technique in 
this paper improves output voltage waveform with lowest THD 
value and power factor value near to 1 . 



No. 


Modulation Technique 


%THD 


1 


P0D-PWM[12] 


3232 


2 


SPWM [13] 


16.97 


3 


Third harmonic inj ectionfl 3 ] 


17.03 


4 


Offsetvoltage [13] 


1638 


5 


Trapezoidal [13] 


1839 


6 


Three harmonic Injection[14] 


17.57 


7 


SPWM[15] 


16.82 


S 


PWM[16] 


10.68 


P 


Propo&ed Technique (SHEPWM) With Dog Leg Method 


9 .76 



Table3: THD Values of 5 -Level diode clamped inverters for 
different modulation techniques (m=0.9) 

6.CONCLUSION 

Selection harmonic elimination pulse width modulation 
technique (SHEPWM) has greatly reduced total harmonic 
distortion and improved output voltage waveform. Compared to 
other techniques applied to diode clamped multi-level inverters 
(DCMLI) the proposed SHEPWM technique based dog leg 
optimization technique has the lowest THD value ,better output 
power and voltage waveform. Increasing modulation index (m) 
reduces the harmonics and improves power quality. The 
proposed system (DCMLI) is best option for industrial 
applications like induction motors. 
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